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(57)Abstract: 

PROBLEM TO BE SOLVED: To make the thickness of a 
transparent film and the film thickness distribution 
accurately measurable by frequency and phase- 
analyzing a spectral distribution waveform of a reflected 
light from a thin film and calculating an absolute value of 
the thickness from the relationship between a frequency 
and a phase component and the thickness. 
SOLUTION: A white light from a light source 41 is 
passed through a pinhole 42 and a beam splitter 45, 
converted into parallel beams via a lens 46, then passed 
through an iris diaphragm 47, and is incident to a film to 
be measured on a surface of a wafer 48. A reflected light 
of the wafer 48 is passed through the diaphragm 47 and 
the lens 46. altered at its optical path via the splitter 45, ^ 

and is incident to a diffraction grating 44. The light - 
spectrally separated by the grating 44 is focused on a 
detector 43, and hence a spectral intensity distribution 
37 can be obtained. This reflected light is interfered via 
the film to be measured and is provided with a spectral 

intensity distribution corresponding to a structure in the film. This distribution is corrected and 
frequency analyzed by a processor 49, and hence its thickness is calculated. 
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[0 0 16] Sfc, *^Bg-C«, ±ffiSWSr^fi£-rS^c 

m^'^f'->±\zm0s.^ntz^^mzmmum(omm=&n- 
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ib^ (EW^ttiE (0 6) ) . cnjciio. %m.<r>if^% 

5t«|nlSTSn-5)fc*CCD±CAIfrS3t<0&ft«CCD±T- 

6) ) , ;i#Ti±^tt}li (CCD) tm9i^^ii(r>^mm% 

[0 0 4 5] th©frJ;t3TttiE*fT^f^t)DC, 

iE-r-5BWT*JSLT«im®ii5«SfkS:tt*^'5. ^^^^ 

[0 0 4 6] ^jg8J:jS«f<&ff5{'«^ii*St:S (A) 

(1/A) tc^«-r^> (W^ife (0 
6) ) . ^mzuhx^\h^^(D^!^^'^^-t^%<D'i& 

3t) Sfflt,^, ;^aj§§±0«S^&mi:15lST*&^^t^mii<^ 
[0 0 4 7] mfe7tili5#^^eibT, 3tM<>:bTU 

.|2 i_ ..12 



|/?P=|/?,+/?,i 



[0 048] ±l2SIJS0yc«':7X-A'v<DB5?B • 

[0 0 4 9] SfeTti^W-fflM^twRgWL. -e«S«5t<0 
S )^ SS^^rf 4 d t C J; 0 KJf ^ ft 

mm, /t^'->'2 l±ffi:feJ;t;«Tflfe2 2^n-^tl£0K 
It^?£r3. r 2]&0:r 1 i:T-5i:7W-^;U«^<tO]^ 

^2T«S-a-'5. JlCTr3. r 2RU:r 1 *&gtCj; 
e-r-^ttb. 1/A [l/nm] SreittlC#Afc*i^. ^ 

^^co i (i = l,2,3) i:-m«S:2«S[3 tftS. <ko 

«)Sc:i:CJ:0&gi5Ol®ff4^W-r^-<t*^T-#S (IS 
5) . 

[0 0 5 0] 
[^1] 



-2x1 2<<, 



[0 0 5 1] 



[ic2] 



\r\ =/l + Bcod 2ff -2// 



,s^2ff.2//, jj+Ccos^2;r-M2 jVz>co^2fl:.2Jj.jj- • • 



($C2) 



[0 0 5 2] 



[^3] 



vjyCcos[a>,.^yDcos[c.3x] 



(3Sc3) 



(8) 
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[0 0 5 31 
a, =27t-2d. 

[0 0 5 4] 
C&5] 

(O, 



471 •/! 



m5) 



[0 0 5 5] :^\z, mmsiLtiSLm^immin-tii-ri>:^ 

T\ dl=400nm, d2=1800nmSt/^d3=2200nmi:*5t»fc 




-5C:i:*«T-^5i^3£S«*»?RR (H4 (b) 34) «. 
S!c6t?«Sn2. (04 (b) mflh0\zTii>. Z. 

[0 0 5 6] 
[SC6] 



I/el =/l + Bcos^2;r-2</,-n- --7- K<^cosi2;^-2<^: 



+ Z?cos|2jr'2J3-n- 




(ft 6) 



[0 0 5 7] 



[0 0 5 8] 
[£C8] 



[ia:7] 



[0 0 5 9] 

[0 0 6 0] J^g[fS/et»fO*ffiitT. FFT^&ffll^ifc 

47t-n 

tifiL /II = 1,23,— 



m9) 



[0 0 6 2] 



r, = 1— 2fn;t 



[0 0 6 1] 
[»1 0] 



mizM-rz>mtmtim^<D^f)mm 



(®tl 0) 



(Sin 



(&i 1) 



[0 0 6 3] 0 6<oa^M*T-<^«iE$ffo/i5^-^'»C 

UTtt F F T-^M E fcJ4-?-OftilO^&S:<»«T#feS: 
[0 0 6 4] MJP?&U-ffl!l-rSlS. lfjB!l:^x-v©fi$^ 

■i7x-/Ncos^^»~j;oT. mmiiktiimf$.mA^. ^mz 
o'Aye (aio36) ^mmm'r—S'iz^o :K7—'jm^ 



0;#:m@^£H-»lC7^'-HA*-yi7L-Tt>J;t>. 
[0 0 6 5] '^7X-A7!)iK-:5Tl'^^«^, Bmm9t6^ 

(0KD38) i:;*:7t io;*:?^ (@i<7? 

36) troSggi. $>St,Ui^7*-;/jX, 

Sfc. 0^7ti:i65i>:^O±tBroj;'5JJtM»A^e.. )S?t9 
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[0 0 6 6] ^*Ji^Lfc*-5«eHl^T. «t> 

iraxcoW^Td 2«^{bb)St^. lrai<0Htj^T-7. 
)gO!)TlC«S©M^'->SAi??«Et:S«^T"b. than* 

*ftA-r-5i::i:f'<kO^*S (06 (a) ) . 

^ (t, +2mar) Ao ^ T, • A„ ^ mAp 
' 4k -n 47t-n 2n 



[0 0 7 2] 

(w-l/2) Ao ^ j Jin + 1/2) A, 
2n " 2/j 

[0 0 7 3] fi^ffi^ffll^TlKP^rSHit-Sf^fc, HiSSS: 
[0 0 7 4] jlJSS:«fTtCFFT^ffll/^-5il-&. Mifim 

-if^mmA-fcmzmmwimifiinv, z.or^z.t 

[0 0 7 5] ^igm<»ff»CF FT-&fflt^fc«^. ^*f*S 
MEM (Maximum Entropy Method : S:>cX>hDbf- 



[0 0 6 81 S 6 (b) SfflViT, ^ffiiSc/StfftCFFT 
■6. » 1 0 1 2 Hei^coSHS^^^^ 

im&.m^^^m-ro &wz^^n-m<D9-^ 

[0 0 6 9] m*ftS-rS3&Si:L.Ttt. ^-T^iSS:© 

[0 0 7 0] dCDmctOScl 2*^e.cifi$', S:*ctt$-S^ 

[0 0 7 1] 
[ftl 2] 

(!8tl 2) 



[Si 3] 

<«1 3) 

[0 0 7 6] MEM«, m^f^iZWt&-r^m¥x=Ey')V'A 

mzii^xm^i)mf3.:£>t^^o^m=s:m^rci!!>. mm<t 
•iA£-mx$>^, M^^m<Dm^^m^&m<t-t^:it\z 

JiO, mVr=^y')l''Amz^^iIib'Z>^ms.<mM<Df\^^ 

\zjii^-r-miits.^mzmvii^m=s:m^^tx\ mm<t 

[0 0 7 7] thaiiM^*^'#®«3t(DKT-ab^«^?if<D 

[0 0 7 8] ±i3<acffi*f'Jfflb;t*JfifiSJlCj;0»^ns 

MifH-®)«««> '>fi<i:fc±2 OnmJBlT. Jl«± 1 
0 nmKAT (/'t^->ffi«* (H-iil«©OB«IC^*-r-5 
ffifl«H^F^«/1^— XDffiftWiSJ!:)^*]^) :2 0%g 
iEiS*i: 0. 3 5Atin) tUK). mmi».fz»^m^^ 

X7i^tb^:^m (s\-mmm : ± 5 o nm) titmvx. nt 

[0 0 7 9] iS*©7t^SCOlh®l*ffiTtt. thamgl 
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tfjffl^t***, 0. 5/im<tO^)/h^l'>lJ-:/5;^P 
> t: ^ © 7 -f > 7 > H X ^ - X <D / ^' - > ± CO )K Jf 

[0 0 8 0] S7«. 0 3<i:l^<t«^iSSrt):Pth>y;i/ 
»c«bT, S^iBwilgP (di) *ra&Steffitfr<t 

[0 0 8 1] ±l3ti, E 3 ('^■rit««6<jmi^J'j:«JSro« 
[0 0 8 2] aScBttt. gHi^S«:74i#SfC 

[0 0 8 3] M*ia»CS<JD«-&T. fii'iirOSHOltttdi 

«<fc</^ (013) . 

[0 0 8 4] ;i(DitiE®fc«)«ft^^tijaj-r-5;^tea:L 

[0 0 8 5] efe^^&tfiBI^**lcBa|^L. ^•<^SIIt7t© 
©Mtcefe3t$BBWbt<!:#W^3t5W^^*^. gab 

[0 0 8 6] ciro^ffi^j. H-smifrtTthfflW 



[0 0 8 7] thSJW^-^jgtt. WL^mm.f^^^^Z.t.ifi 

[0 0 8 81 ±fRy^ yr-^yif^^'^m^^tut, itm 
wimmtiWiit mmmmp^X'^m^ i ©:??«E-r5«^) 

[0 0 8 9] i^mMMt-r^mmammtsim'^it. 

[0 0 9 0] jfctc, ±fB®M)P«^UiJ^©. flnx^extt 

^-f >'\Wjiffl:^fero*JS0iJ*^-r, 0 5 (a) jg 

«si(CJ;D« S0XS'4'»f-r-5C:t;5:<in-situTtfS!ld^Bl 
[0 0 9 1] Mffl:i?ffilcHr-5m-«)*JS««JCJ;0. tf 

ommmm \zy^-Yny^-r^. mmi3m\zmr^^ 

[0 0 9 2] W-aiI*tin-situ-CfTt>nSfc*. #e.tlfc 

n^ntz^mmm-^^^ ^ntmm<Dmm\,z 

[0 0 9 3] jiffl:i5ffi(CH-r^.m-W*li0iJS:, 05 
(b) JC^-r. m-©IIJS0iJ«. CMPJPXSr-Stff'Bf 

(i't7x-ASjtP:?£W«s±j; ore. LTW«ffi(+jac 

•5 <t tr <t 0 i n- li ne-CfhaW^ oltg <h -2) . 
[0 0 9 4] ®ffl:^fellPt-^m-©SI*S0iJCJ;O. H- 

^. Wfiu-H€'emLc:ns:;*:i3irax-r'59x-A0D 

J?tfT'ffiilS-r-5S(0'i7X-A(OD-H. 7>o-K*3J; 



(11) 
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[0 0 9 5] ttaiitt. mxi^mLTi7t)ni>rztb. » 

[0 0 9 6] jgffl:^feJcHt-S^=ro||Jg^J<&. 0 5 

(c) ic^-r. ^HO*ig«s|«, W«i!nix^l7^ic. -5 
x-A*-i^fil@-r*;^hy*- 1*1. 

[0 0 9 7] ®ffl;&S»cHfS^H<0*lig^J«. **T- 

iBl*fT5c:tc<fcoT'fe*JiT€rs ms (a) ) . 

[0 0 9 8] Sfc. *+(C*t5*<TlSl^{-«j^^?n:fc>:7 
^IltCJcoTfeHliT^-S (08 (b) ) . 

[0 0 9 9] mm:^mtzm-t^m^<o^mm\z^o. th 

mmr^izy^-\f/-^y{m. mm:^mKm-ri>mE.(D 
mmmiz^^rmm^mmvrzm'^. s^m^^siom!^ 
i^x'm^r^^(D^^ • ^mizmr^mr^'i^^mT^, 

[0 10 0] »^tlfc]^JP«a*^e). -€-tl*t0fM<OMJ? 

[0 10 1] 3iffl:;5S{cM-r-5^— *^eHw-en-6n« 

■?x->'\Sl^T-m>^H-Jffl-r-5C:i:IC.<kO, KJKD^tli 

ffA-r^e^ffi^^JSi-i^x-A^^it 

#J^ifctt"i7x-/\3^1taS»Si^f J; tjTfe* 

[0 10 2] m.Wri^^^^^-n^ii\^X. ^\7.\t. S 

[0 10 3] ±tB«lttlSSfflSffll»M^fC^SLI^^tZ 



[0 10 4] i^p^^<o> m7U,tmw<r>fkx^i:.m--m. 

[0 10 5] $fc±fBiJ-:J|ittSllorBlBIH. T^OAiS'- 

«K. ^•vy^J'ff:^, P«SilHlfEia: 

[0 10 6] ifc, fhaib;t)^J?1f«{c«t3*i,iT, 

M©xe-e*.5^Kxsfc*i^T, cMPiraxw 

[0 10 7] r^x— A5tJt^*«, iJDXtf ©C^x-AtC^ 

[0 10 8] ^fffiiti^tt. 

tj^mx&m-i. ^y:ffHX'tiM(D&.mxmmA^-^mx' 

'>a.m\ZVrmr^Z.tAiX^ (0 9#M) > HSSlCJce. 

fjvi-*. •rts.tj-^mmmmm'smom^iz'bti^. 

[0 10 9] ^m§5«. •^x-AtC^tbTfig-^tJii-^ 

•z>xvrm^m.ts.!^i)m<bn^tztbs vcwmmti!^^<D^ 
m^iibi)^'£.-mx'$>^. 

[0 110] mmmmoi^^^A^d) loumm. 

^*<#;ten€). 9-'y:fm^tz\mmn»/^i>->miz 
7^7^ ^>ht.tz\t^-<-j-ycf^t^:iii\z^*i. IE 
m\z&.m^^-th:Liiti^x^^ (lai 5) . 

[0 111] tfffli^^W^e^li^^rtetbT. 



(12) 
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;^fe*i#;^^txs (0 16) , 
[0 112] fiBSii*»S*fc«^®ft!lcDliatC<i;0. 

[0 113] sfc. ^j?)^aL/ittjii<^iC'e:gyia6^5n 

[0 114] ^tzm^ismtLx. thfii^t^ia 
[0 115] ^fc±t6«^*ii!iTff pdtfc^A^n 

[0 116] thjBlBlffi^ll^tt. tfai,^»JCffoTfeAti 
•5. 

[0 117] KPtfjfflpIS^J^ro^m. KJUhfiil^^ffi 

<Dnmim^mmrj.M^mM.=s:^mx'm^::tiii%^^n 

[0 118] fi-SiL^^Jiac5H^*^e./'t^'->©ffi 
[0 119] Sfc±IBC0 2O©:3&ffiSrffl*-^t»-ti--5;ii: 

[0 12 0] ±^nmf!i»..^&.^o)S}rmmm<omm:^m 
[0 12 1] fffm-Siijawii^itt^-^f^ijsuTftj^uT 



*3< dt^tx-^^, 
[0 12 2] KiPW-jfflffl©/'?^'->*je^r-5jK-S*^M 

[0 12 3] fhiffl«&©;«c^^«^mT#S3teaiC<t-c 

[0 12 4] mm^9\rmr^m<Dmmw.m\i. ^<r>:k^ 

[0 12 5] wcmt^m.(r>mKo^^-^\zii-oxmm6^ 
^^m^^mtWiti-DX<^. W[mw^^>h^<tn\t^ 

010 (b) \Z7F.t^t\zWcmnm<o:k'^^ifin9--> 

<ti^. ^z.x. mmn^&i'^wcmnmz^-oxWim^ 

[0 12 6] «S®/h^J^j:«^«ii5«Si^!:iil^*tpI^i: 

[0 12 7] ^mmm^/^^->muT\z-rtni. mm 
^iYm-ri>z.nzi:-ox/'^i^—>miK<Dmmti^x'^^, 

« «r Jtfe-r S d i C J: 0 X A'-f X A ^' - > ©}g^^?F A 

"^^m^^Oi-r^^itii^xti mio (c) ) . 

[0 12 8] ;i<0i#-€-OSt)^J^tt^C0^^©^®*^ 
[0 12 9] Kit^(D^i-3t^^**««fffla-r-5. 

jcfhai)-r-5.c:i:*iT'*^ (011). masim^^tL 
xM^iit. wm^7 - 7 4 0 8 8-^ii^iae©, ^aca 

• CO 1 3 01 H-fii)^nfc^J¥Rt/M;i^)-*. ^(DO:c- 

/\±<Dmm. t0momx^i^isi.zfwm:^ntzmmu- 
hm^mmiz^Tftuimtj.mTT^^^'&h^^ mm:t^u- 

CO 1 3 1] mTT^^mt. g^rmwfzmm^^tma^^ 
t. ^f-nb^oiLA^xai^tzy'/u T./^iS'-ym^ii^m 
mizm.^x^rzimm\zmi2x^tziitm'omxxm^-t 
5c:t*<T#-5 (011). ±^^mm\z^7f:'r^:^m 



(13) 
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[0 13 21 ±E*s<aT«^b. !£:>^tcjr>i;T3#© 

[0 13 3] )gJP^i-^tiafl^}-^lii:©M5&i:«.Ci{CJ; 
[0 13 4] thSJx-5'J:0^W^Fn 

[0 13 5] tfaSLfc]K;i»-5tU*iJ'*x-^'*^S0 
[0 13 6] ±tajlig0<J«CMPJPXm<OA^-><OJ^ 

[0 13 7] mmnMtmm^^mx$>^^'^. uniow 

^ - >«JP ^ ^T® OH rsllKJ? s - <t # s 

(012) . 

[0 13 8] mrmm^m^-r^^inzjiio . mmmcD 

[0 13 9] ffi«OJi©llgJf*t1-SIUTie!««tcKJ¥* 

[0 14 0] $rmmmo)mmi^ikmm^m-r^^. rm 

[0 14 1] ±mi^m^mi:^^)\^<ocMPizmmLft 

[0 14 2] mx(om'&x'Wrm^no^ozL\z^K>. 
mx\z^^Wimx<^n<otinm^iisffi^^<^^itim 



[0 14 3] «iaig-C«lffiLfcS#t3t©!ia[*^6. ttsi 
[0 14 4] Ki*S:tha3-r^fcJe){C»?t»* 

[0 14 5] 0i|;l«il?¥Oll^*W-aS^««tl|g/P»mffl 

^ :3 > tf 3. - ^ - i: ?r L A N^Cffift ^g-elg ^ b 

ii-:5'-J:Sl Oi5=*MJP^ff tlJt"-5*fe*^#;^ 

[0 14 6] mmm.'S.mm'^9\.^i^wm\tmfs^wm. 
TMx\^^<r>mm\z^-ox^m^^it-r^. ^wfc^c 

m.u^^ifi'^mt.t^i,. m^itwcm\^itim\zii-ox^ 

[0 14 7] 

*<ttA^n-5. iL^<Di^^-:i>^x.-;\±.\z^m 
IK^® ^S©¥a{t;^!lli«:ff o fc X- A (C^ b TS« 

Am -5, 

[^Broffl^^tiaBj] 

[0 2 ] fie*oMjPifffiii • ^m'y7.7-j^^mt^m^m 

[0 3] -lOA^->A<?¥ffif 5«-&©**eJSKWT® 
[04] (a) S^5^7t5«^^i-^1?0-t»]. (b) ^til 

[05] (a) *^Bj!tC<t€)g^ffi7fe!^:x--y hSrWiiM 

mfS.m (c) *%?^»rJ;S^tB3t^:i---y hCJ;cTW 

[06] x-^cOffilt)jii5»-*^e)ffllJPS:^m-r'S>ST©M 
a «)8itn<7)«tfflS0T* s . 



(14) 
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(081 (a) lrJfAUTfta!l*f«>«^ 

(omm^m (b) ^^^i:iti^r^m^r^m'^<DKm 

mmm(D±^ $ ir J; o TttiWiKmd^SJJt s c 1 

[011] •>x-A«ffi<DIKff»*t«ffiIH]Cii:*l^^ 
^rt^ffl|-r-5«^ro*llBS)»f£2fct^iem«^©-fis|<D«Ell»0 

[012] ^H«jS0S-Jf$S:W-iB9-r^«^©it!5§«fiK 
Rt^ig**^®-0iJO«lllS0T?*S. 
[013] ffijEtt88<0-^JS:5^f eEiS0Tfe-5. 
[014] |hSil*ioI^;^c*i^tSlg/j:«^0&hail«&e 

[015] ;<>h*Sro— fJ*35"t«BS0-r* 

[016] m§^mm^m^^fzm-^<Dffrm^m»:t():^m^ 



1 'yjL-/\^wm 

mm^m:i-~y h i 

4 mm^^m=L:^yh2 

6 

7 ■5x-Aj)fiiiK 



•l^ff^lltia- >y h 3 



8 



1 0' 



2 1 A^'-> 2 3 1^ 

4 1 a^TtiS 4 2 \:f>t^-)l 

4 3 I^m^ 4 4 ilSrfe^ 4 5 - 

4 6 U>X 4 7 3t^«0 4 8- 

4 9 y'-^^os^^is^zsmmmiimmm^ so 



5 1 n<^l'>X 5 2 ^ttJS 6 0- 

9 1 A-y K 9 2 X^U- 111 

112-^tti8l llS-'-i/x-A 

I 1 4-5^-^^0ji*.*5J:Of|^ff^Ulj&Sl5)8S 1 1 

I I e-A^'-^ 1 1 
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#ra 2 0 0 0-9 4 
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2F065 AA03 AA17 AA30 AA58 BB13 
BB17 CC19 DD03 EE04 EE08 
FF44 FF67 GG03 GG04 HH03 
JJ02 JJ03 JJ16 JJ25 JJ26 
LL12 LL30 LL37 LL42 QQ16 
QQ25 QQ26 QQ27 QQ29 QQ44 

3C034 Ml 3 Ml 7 BB93 CA05 CA22 
CB13 DDIO DD20 

3C058 M07 AC02 BA09 BC03 CBOl 
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DH12 DH31 DH60 DJ19 DJ20 



